Although water resources have been developed throughout the centuries for the service of different civilizations, at different scales and in different regions, their use in automation has been conceived only recently. Research into the history of water from an automation point of view has led to some unknown or hidden facts. Starting from the ancient Greek period before the prophet Christ and after about the 12th century, many researchers tried to make use of water power for working some simple but effective devices for the service of mankind. Among these are the haulage of water from a lower level to a higher elevation by water wheels in order to irrigate agricultural land. Hero during the Hellenistic period and Vitruvius of the Roman Empire were among the first who tried to make use of water power for use in different human activities, such as water haulage, watermills, water clocks, etc. The highlights of these works were achieved by a 12th century Muslim researcher, Abou-l Iz Al-Jazari, who lived in the southeastern part of modern day Turkey. He reviewed all the previous work from different civilizations and then suggested his own designs and devices for the use of water power in automation of excellent types. He even combined animals and water power through early designs of valves, pistons, cylinders and crank mills, as will be explained in this paper. His works were revealed by German historians and engineers in the first quarter of the 19th century. Later, an English engineer translated his book from Arabic into English, revealing the guidelines for modern automation and robotic designs originating from the 12th century. This paper gives a brief summary of the early workers' devices and Abou-l Iz Al-Jazari's much more developed designs with his original hand-drawn pictures.
INTRODUCTION
Renaissance in many aspects. In this paper, the forgotten masterpieces of Muslim technological devices will be illustrated through Al-Jazari's hand-drawn mechanical systems.
He pioneered many modern technological concepts but, unfortunately, due to a lack of communication, his studies and mechanical devices were not well recognized until the work by Hill () . Thereafter, many other scholars have studied Al-Jazari's ingenious water devices from different aspects (Sarton ; Al-Hassan ; Sȩn ; Alertz ; Romdhane & Zeghloul ).
HISTORICAL PERSPECTIVE
In western culture, freedom of thought from the pressures of the church and the development of scientific knowledge have been based on the ancient Greek activities. It must be remembered right at this point that the Muslim scholars in north Africa, and especially, in Muslim Spain (Andalusia) contributed a flow of information and consequent enlightenment in Europe from the 10th century which endured for more or less 5 centuries. During this period even the original classical Greek books and documents by Plato, Aristotle and others were translated not directly from the Greek language but from Arabic, because at that time, the language of scientific thought in eastern and especially Islamic countries was Arabic. The point was documented by the pioneering scientific historian Sarton () , that from the 7th to 13th century there is not even a single western thinker, philosopher or scientist's name recorded as opposed to the many in the Islamic world.
Abou-l Iz Al-Jazari, who lived during the 12th century, is the father of robotics, which worked by water power hydraulically. He reviewed the work of previous technological developers such as Vitruvius and Hero who lived in the first few centuries after the prophet Christ in the Roman domains. They did not leave proper designs or procedures for their few original technological ideas, but Abou-l Iz AlJazari drew many mechanically proper designs in his hand-written book which was printed in its original form by the Cultural Ministry of Turkey (). His book has been translated into English by Hill () with the modern drawings corresponding to the original ones by Al-Jazari. He lived in the southeastern part of Turkey under the Turkish dynasty of Arthuque Turks, which reigned during the 12th century in the region of Diyarbakır, which is the greatest city presently in southeastern Turkey. A glance through his book brings to one's mind the question of who was the first man in human history to visualize and draw mechanically usable devices that compare most closely to today's technological level? Perhaps, most of us will jump to the conclusion that it will be, if during ancient history, somebody from the ancient Greek period or if more recently after the Renaissance, someone from a European country.
Such automatic thinking will lead to error, and the true and provable answer is Abou-l Iz Al-Jazari who lived during the medieval period. It is important to emphasize at this point that the medieval period was indeed a time of enlightenment for Islamic countries, whereas Europe was living in the dark ages. Due to cultural erosion, even today in Islamic countries, many will find it hard to believe that a Muslim technologist devised automatic robots in the 12th century. This is due to the fact that Muslims do not look to their prosperous past but automatically get their records from other sources, most of which may not reflect the reality.
Europe has been in direct conflict and has been mixing with eastern countries, among which the majority were Muslim societies that even reached Spain, and consequently, information sources from these societies entered the West during many centuries. It is not possible to think that the Renaissance came into existence without friction with Muslim countries, who had translated, criticized, and improved all the eastern and ancient Greek philosophies and ways of thinking into Arabic and spread these ideas among their scholars. One of the lessons that can be drawn from this discussion is that science and technology require as fertilizers the social, economic and religious status of the society. The more accessible these fertilizers, the more science and technology shift towards these centers. After their father's death they were protected by the Abbadis vicegerent Al-Ma'mun. The devices produced by these brothers were later modified and used by Al-Jazari. Among the works of these brothers were about 100 different devices, seven of these were fountains, four automatic crimping machines, an automatic musical instrument, a gas mask for approaching polluted water wells, and the remainder being water reservoirs of various shapes and sizes. The brothers also considered whatever was available to them from previous researchers, especially Philo and Hero, although Banu Musa produced more sophisticated and automatic devices than these men.
ISLAMIC TECHNOLOGY BEFORE AL-JAZARI
Modern technology has been assumed almost worldwide to be a product of western civilization only. 
AL-JAZARI'S WORKS
Early Muslim technology had two separate aims: namely, ingenuity, aestheticism, and the admiration of the people on the one hand, and daily practical usage for services among which were water mills, water-raising, war-machines, Unfortunately, such writings did not include every detailed piece of information, and consequently, since the technological devices were not put into steady practical use, the basic knowledge that had been obtained with hardship and labor were easily forgotten. It is not possible even today to easily redesign Al-Jazari's original opinions from his writings without implementing personal knowledge, interpretation, or clarity. Although Al-Jazari knew that the flow of water through any orifice in his design was proportional with the hydraulic head, he did not know the mathematical relationship as we know it today. In the mathematical relationship, the rate of flow Q is related to the square-root of the head, h, through an orifice constant, K, as Q ¼ K√h. Of course, the orifice constant is proportional to the orifice diameter. Hence, Al-Jazari manufactured different orifices with different diameters and by using them in a sequence and with a trial and error approach, he found the most convenient orifice for his technological mechanical water device. In this manner, he was using the experimental scientific approach, since at that time, it was not common to seek a mathematical formulation that would relate the variable of interest or control to causal variables. In fact, in this manner, Al-Jazari experimentally approached the underlying and, at that time, unknown equations with technologically successive trials. This provided him with the experience of the appreciation of orifice diameter in the case of any hydraulic head. In his approach, first he produced a narrow orifice and then a succession of orifices with increasing diameters ready for use at any time. It may be that his studies were among the most laborious in Muslim technological achievements. This gave him a clear understanding of arithmetics, plane geometry, measurement and appreciation of relationships in the construction and assembly of his devices.
Among the early water mills were the machines used for raising water and these played an important role in the economy of Middle Eastern countries (then all Islamic states) for many years, mainly, for irrigation and agriculture. These wheels were necessary instruments for supplying water to communities. The very early type of these is referred to as shaduf in Arabic and is still in use in some Middle Eastern countries such as Syria. It consists of a long pole balanced on a fulcrum with a bucket on one end and a counterweight on the other. A more complicated water wheel includes a series of pots on the circumference and this is known in Arabic as saqiyah.
Many full-scale machines were described by Al-Jazari in order to raise water and all of them incorporated features that are of great significance in the history of machine technology; even today some of these parts are in common use in any machine design. The first of these is presented in Figure 1 where water power is used to raise the left and right hands of a robotic man on an elephant. Water injection from the right nozzle hits the left of the scoop at the back of the elephant and hence, the left hand of the robotic man is raised. This is the first, most simple design towards robotic studies in the history of technology.
Another example is presented in Figure 2 , where animal power is used to raise a flume-beam sweep, that is, a wooden channel with a large scoop at one end and a fulcrum at the other. The scoop is dipped into a water well, and when the scoop is raised above the fulcrum, the water runs along the channel and then discharges into the irrigation system.
Power is transmitted by a donkey tethered to a vertical axle, which rotates as the donkey walks around in a circle.
The axle, through a pair of gear wheels, rotates a horizontal axle upon which is mounted a wheel with teeth on a quarter of its circumference. This wheel meshes with a lantern pinion located on the horizontal axle upon which the sweep pivots. While the donkey circles, the sweep rises and falls as the segmental gear wheel engages with and disengages from the lantern pinion. This machine is shown in Figure 3 and is a refinement of that in Figure 2 .
This machine consisted of four sweeps, segmental gear wheels, lantern pinion, which quadrupled the output. A further improvement, according to Al-Jazari, was the smoother operation obtained by reducing out-of-balance forces.
In his third machine there is also a flume-beam sweep, and again it is powered by a donkey walking in a circular path. In this machine, the end of a crank driven through a system of gears, enters a long slot beneath the channel of the sweep. As the crank turns, the sweep rises and falls. Although cranks had been in use for centuries in hand mills and on contrivances such as winches and capstans, they were in all cases operated by hand (Hill ) . As shown in Figure 4 , Al-Jazari's machine provided the first example of a crank being incorporated in a machine.
Another machine as shown in Figure 5 is of little importance, being simply a chain of pots driven by a concealed scoop wheel. It was intended for use in near or ornamental pools.
Al-Jazari's most interesting machine, however, with its significance for present-day technology, is shown in Figure 6 . This machine had a significant place in the development of the steam engine and pumping machinery. This system benefits from wind energy that is turned into mechanical energy through the panels located radially around a horizontal axle. On the same axle is mounted a toothed wheel that transmits the rotational movement into another wheel. Towards the outer rim of this wheel is a peg which is fixed normally to the surface. This peg enters a slot rod, the lower end of which is pivoted at the bottom of the box.
With the turning of this wheel, the peg moves up and down in the slot, and consequently, the rod oscillates from right to left. Another two rods are attached by ring-and-staple fittings to the sides of the slot rod, and to the end of each of these a piston is attached. These are manufactured from two circular copper disks with hemp packed between them. The pistons move inside the horizontal cylinders. Each one of the pistons is provided with a suction pipe that descends into the water.
The delivery pipes are reduced in diameter shortly after they leave the pistons and they are connected together to form a single delivery exit. As the slot rod oscillates, one piston is on its delivery stroke with the other on the suction stroke.
The pump, which works on the double-acting principle, is a notable early example of the conversion of rotary to reciprocating action and is also remarkable for having a true suction pipe, albeit rather a short one. The works of Al-Jazari are very advanced for the era in which he lived (as his hand-made drawings witness).
CONCLUSIONS
It may be that some history researcher can prove/discover that the scientific advancements of Muslims passed in some way to western scientists, likely in the Renaissance period by means of commercial relationships between the eastern and western parts of the Mediterranean sea, which then became the base for studying the most famous modern scientists such as Leonardo da Vinci, Torricelli, etc.
